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Abstract. Nutrients leaching from the agricultural soils is a major environmental concern 
worldwide. The risk of nutrients leaching in soils fertilized with straw and manure was tested in 
mesocosms experiments during seven months. The biotic community of the mesocosms was 
controlled to assure a different functional diversity for each kind of fertilizer. After rainy periods, 
mesocosms collected leacheate was chemically analyzed in order to determine the amount of NO3-, 
NH4+, PO43-, K+. The outcomes have underlined the great leaching capacity of the nitrate (NO3-). The 
highest NO3- total  amount recorded was of 1170 ppm while the smallest was of 641 ppm. Leaching 
capacity of the other nutrients, is more reduced  compared with nitrate. The levigation capacity 
inreased in order K+> PO43-> NH4+. The results indicated also that the nutrients leaching is 
significantly greater for manure treatments than that of straw treatments. The greatest loss of nutrients 
was observed in high biological diversity treatments. 
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INTRODUCTION 
 
The loss of nutrients through leaching is one of the major problems of the agricultural 
systems all over the world (Dominguez, 2004; Di and Cameron, 2005). As a result of 
leaching, the nutrients are removed from the rhizosphere and consequently can not be used by 
the plants any more. At the same time, leaching increases the risk of the underground and 
above-ground waters pollution with nitrogen and phosphorus compounds. Although the use of 
mineral fertilizers is the main agricultural practice considered to be responsible with 
significant nutrients leaching (Zhou et. al., 2006), loss of nutrients also takes place when 
organic fertilizers are used. As Bakhsh et. al. (2005) showed, the fate and transport 
mechanism of nutrients from organic fertilizers is more complex than those from inorganic 
fertilizers and are not well understood.  
The aim of the present study was to quantify the loss of nutrients from manure and 
straw fertilized soil in the presence of different biotic communities.   
 
MATERIAL AND METHOD 
 
In order to achieve the objectives, a number of 24 mesocosmos experiments placed in 
the field under natural conditions were conducted. The experiment was carried out in plastic 
conical shaped pots of about 34 liters in volume. In order to collect the leachate 5 holes with a 
5 mm diameter were made in the bottom part of each pot.  A net mesh of 20 µm was placed 
over the holes. The pots prepared in this way were put in plastic trays having the shape of the 
bottom pots. The trays were installed to collect the lost leachate of the pots.  
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The bottom of these trays 
has been pierced and a hose 
having 10 mm in diameter was 
clamped in this hole. The other 
part of the hose was fixed in a pot 
where the leachate will be 
collected. Each pot and each 
correspondent tray have been 
placed in a plastic bag which was 
pierced where the hose was drag 
it out (Fig. 1). This plastic bag 
prevents the outside water to 
reach into the tray and collector. 
Thus prepared, the pots have 
been placed and fixed it in a 40 
cm deep ditches dug it into the 
soil.  
After that, the pots were 
filled with soil at a bulk density 
of 1.25 g/cm3. The used soil in 
the experiment was a luvic 
phaeozeom collected from the 
field. The main soil parameters 
are presented in Tab. 1.   
After soil pots filling the 
organic fertilizers, i.e. barley 
straws and manure, were added 
to each pot according with the 
experimental design. For straw 
treatments, 150 g of straw was 
added to each pot. Half of the 
straw was mixed with the first 10 
cm of the soil, while the other 
half was uniformly distributed on 
soil surface. For the manure 
treatments, the amount added to 
each pot was of 150 g. In this 
case about 120 g were mixed 
with the soil and only 30 g were 
distributed on the soil surface. 
Half of the pots (12) were 
fertilized with straw, while the 
other half (12) were fertilized 
with manure.                                                     
 
 
 
 
 
 
 
Fig. 1. Mesocosms construction (1- plastic conical pot; 2 – 
plastic tray; 3 – collector hose; 4 – collector pot; 5 – plastic 
bag) 
 
 
Tab. 1 
Soil parameters at the beginning of experiment 
 
Soil prameters   Values 
pH (CaCl2)     7,44 
CaCO3 (%)     1,7 
Corg (%)     3,77 
Nt (%)     0,29 
P2O5 (mg/100g sol)     23,8 
K2O (mg/100g sol)     48,3 
Sand     30 
Silt     18 
Texture 
(%) 
Clay     52 
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After addition of organic fertilizers followed the "construction" of soil biotic 
community. Aiming to achieve different levels of functional biodiversity the following 
treatments were realized for both kinds of fertilizers: 
1. Control treatments considered to have the lowest soil biodiversity with the biotic 
community being dominated by the soil microflora (C1 for manure and C2 for 
straw); 
2. Small diversity treatments where besides the microflora, two earthworm species 
having small density were added. The used species were Lumbricus terrestris and 
Aporrectodea caliginosa which are commonly found in agricultural soils.  The 
number of individuals used was of 2 for Lumbricus terrestris, respectively  4 
individuals for Aporrectodea caliginosa (V1 for manure and V2 for straw); 
3. Moderate diversity treatments where the biotic community is similar to that of 
reduced diversity treatments, but the number of earthworms individuals was higher. 
So that, the number of Lumbricus terrestris individuals was of 4/mesocosm while 
Aporrectodea caliginosa density was of 7 individuals/mesocosm (V3 for manure and 
V4 for straw); 
4. High diversity treatments where biotic community was represented by microflora, 
microfauna, mesofauna and macrofauna. The soil used for this treatment was not 
subjected to freeze and drying cycle and was collected from the field during early 
spring (see Sandor, PhD Thesis, 2009). Concerning earthworm density of this 
treatments, we used 2 individuals of Lumbricus terrestris while Aporrectodea 
caliginosa was represented by 4 individuals/mesocosm (V7 for manure and V8 for 
straw).  
 
As it is known the rhizosphere plays an important role in the dynamics of soil 
nutrients (Lavelle and Spain, 2004). Consequently 70 plants of barley were sowed  in each pot 
to obtain the  rhizosphere effect. The plants were kept into the mesocosms for 30 days. After 
sowing the barley plants, the mesocosms were closed with 1 mm mesh. This prevent the 
entrance of other organic material or animals into the pots and prevent also the escape of the 
earthworm individuals. 
Each treatment had three replicates in an experimental design with four levels of 
biodiversity (control, reduced, moderate and high diversity) and two organic fertilizers 
(manure and straw). 
The mesocosms were subjected to the specific climatic changes of the year 2007, 
starting with April till in November when the experiment stops. After each rainy period the 
leachate collected into the pots was subjected to the chemical analysis. During experiment the 
leachate was collected and analyzed in May, June, July, August and November.  
The quantitative analyses of the nitrate, ammonium, orthophosphate and potassium 
ions from  the collected leachate were conducted through ion chromatography  according with 
SR EN ISO 10304-1: 2003. The standard solutions for calibration were prepared from Six 
cation standard -II (Dionex Corporation) and from Seven cation standxard-II (Dionex 
Corporation). Before being subjected to analysis, the water samples were filtered through 0.45 
µm membrane filters (Millipore). The results were expressed in parts per million (ppm). 
All data were subjected to analysis of variance (ANOVA with multiple measures) 
using SPSS.11.  
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RESULTS AND DISCUSSION 
 
The soil leachate analysis of experimental treatments highlights different 
characteristics of the ions (NO3-, NH4+, PO43-, K+) concerning leaching and removing capacity 
from the rhizosphere area (table 2). By far, the highest losses were recorded in the case of
nitrate (NO3-). Thus, the results shows that the total amount of NO3- lost varied between a 
minimum of 641 ppm recorded in the M2 treatment and a maximum  value  of  1170 ppm  in 
the V7 treatment. The loss of NO3- was higher in manure treatments compared to the 
corresponding straw treatments. For both types of organic fertilizers used, the highest amount 
of NO3- loss was recorded in treatments with the highest biological diversity (V7 and V8). 
The smallest amounts of lost nitrate have been observed in control treatments (M2) when 
straw was used, respectively in moderate biodiversity treatment (V3) when manure was 
present. It must be emphasized that the lose of nitrate was observed mainly at the beginning of 
the experiment, in the spring season (May and June). Thereafter, nitrate leaching decreased 
continuously till the end of experiment. Similar results were reported by Cole et al. (2004) 
which observed a reduction of nitrate leachate during an experiment with different species 
combinations. The authors considered that the amount of nitrogen present in leachate was due 
to the intensification of nitrification in the presence of a more diverse biotic community. This 
was also found in our experiment. The highest values of lost NO3- was observed in treatments 
with the highest diversity for both kind of organic fertilizers. 
Tab. 2 
Nutrients amounts measured in mesocosms leacheate during experiment 
Treatments 
Manure Straw 
Date Nutrients 
(ppm) 
V1 V3 V7 M1 V2 V4 V8 M2 
NO3+ 645 584 683 547 595 548 697 530 
NH4- 0,93 0,53 3,27 4,29 0,35 0,53 2,55 2,15 
 
1 
 K+ 5,25 4,55 34,4 5,33 4,48 4,63 15,13 4,85 
NO3+ 258 232 429 295 178 131 193 75 2 
K+ 4,11 3,77 28,8 4,1 3,4 3,4 9,96 3 
NO3+ 10,03 11,29 4,43 2,95 4,87 5,47 3,22 1,87 
NH4- 9,23 6,87 7,97 5,41 1,3 1,99 11,87 5,04 
 
3 
K+ 9,97 6,39 14,59 6,23 3,92 3,81 16,17 3,89 
NO3+ 11,47 20 11,08 5,78 9,31 12,23 13,31 4,89 
PO43- 14,38 14,29 14,7 10,48 11,63 13,97 14,43 10,3 
 
4 
K+ 0,74 0,87 4,58 1,08 0,95 1,05 5,04 0,83 
NO3+ 3,84 4,16 8,51 7,76 5,68 12,51 4,87 7,57 
PO43- 10,3 9,96 11,4 11,21 10,1 12,66 11,41 11,11 
 
5 
K+ 1,66 2,92 7,28 2,17 1,19 1,76 4,87 1,6 
NO3+ 934,2 871,1 1170 875,49 792,86 709,2 843,4 641,33 
NH4- 10,86 1,07 11,24 11,19 1,65 2,52 14,42 6,85 
PO43- 14,38 14,29 21,61 21,69 10,2 26,63 11,41 11,11 
 
TOTAL 
K+ 22,61 18,5 89,65 18,91 12,99 14,65 51,17 14,32 
 
After nitrate, potassium (K+) was the ion with the highest detected amount in soil 
leacheate. The highest leaching capacity of potassium was observed for the treatments with 
highest biological diversity for both fertilizers. For other kind of biological diversity 
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treatments, the amount of potassium lost by leaching was much lower. The amounts of 
potassium lost from the soil in manure treatments were significantly higher compared with 
straw treatments. As for the nitrate, potassium losses are higher at the beginning of the 
experiment and reduced to the end of it.  
 Tab. 3 
F values from ANOVA with multiple measures  for each factor and each dependent variables 
 
F values of dependent variables 
 
Independent variable 
NO3- NH4+ PO4- K+ 
Organic matter type (OM) 
Diversity (Div) 
OM x Div 
89,6* 
41,2* 
1,9 
18,7* 
22,9* 
11,1* 
0,19 
9,34* 
2,59 
173* 
660* 
63* 
* Significant at p< 0,05 
 
Regarding phosphate (PO4-) leaching, the total amounts lost  from the soil treatments 
varied between a 26,6 ppm and 11,1 ppm. The type of fertilizers  did not reveal an significant 
influence on phosphate leaching, while biological diversity influenced significantly soil 
phosphate leaching (table 3). If NO3- and K+  were lost mainly at the beginning of the 
experiment, conversely, in the case of the PO43-  the loses was observed at the end of the 
experiment.   
The ion that showed the smallest amount in leachate of our experiment was 
ammonium (NH4+). The recorded amount of NH4+ varied in fairly wide limits, between 14.4 
ppm and 1.07 ppm. Considering the type of organic fertilizer used, the amounts of ammonium 
lost were significantly higher (p<0,05) in manure treatments compared to straw treatments. 
There was however an exception, for the highest biological diversity treatments, where the 
amount of lost ammonium was higher in straw treatments compared with corresponded 
manure treatments.  
The biotic diversity have different influence on the ammonium leachate process. For 
both types of organic fertilizers used, the highest losses were recorded in treatments with the 
highest biological diversity (V7 and V8). If straw were used as fertilizers, the ammonium 
losses were smaller in low diversity treatment (V2) and moderat diversity treatments (V4) 
compared to the high diversity treatment (V8) and control treatment (C1). The same trend was 
reported also for manure treatments. As it was presented before, in V1, V3, V2 and V4 
treatments the biological community was dominated  by the earthworm species. So that, it 
seems that the presence of the earthworm species conducted to  a decrease of the ammonium 
leaching process.  
The loses of ammonia through leaching were specific to the spring season, the ion 
being detected only in the leachate collected in May and July.  
 
CONCLUSIONS  
 
Field mesocosm experiments can be a useful tool for studying  nutrient leaching from 
the soil. Even if some improvements are necesarily to be done, we recomand this approach for 
soil studies concerning biodiversity and nutrients turn over.   
The use of manure and straw as organic fertilizers conducted to a high nutrients lost. 
The highest nutrients leaching capacity was obseved in manure treatments compared with 
straw.  
The nitrate reveals highest leaching capacity followed by potasium, phosphate and 
ammonium. Nitrate, potassium and ammonium were lost mostly during spring, while 
phosphate was lost in autumn.  
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Highest biotic diversity conducted to a highest leaching capacity in both kind of 
organic fertilizers. This was due to the highest organic matter mineralization in the presence 
of a more diverse biotic community.   
Future research are necessarily to be done in order to synchronize crop nutrients 
demand, organic matter mineralization process and aplication and aplication time of organic 
fertilizers to prevent nutrients leaching from agricultural soils.  
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